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A n a l y s i s  of O p t i c a l l y  E x c i t e d  M e r c u r y  M o l e c u l e s  

R .  E. D r u l l i n g e r ,  M,  M. H e s s e l ,  a n d  E. W. Smith 

The Hg molecule  i s  r e p r e s e n t a t i v e  of a c l a s s  of molecules which have d i s s o c i a t i v e  ground states 2 and bound e x c i t e d  states. It can t h e r e f o r e  be used as a pro to type  of t h i s  class of molecules  which are 
of i n t e r e s t  as p o t e n t i a l  new laser candida tes .  Because of t h e  non-bound ground s ta te ,  s tandard  absorp- 
t i o n  spec t roscopic  techniques  cannot be used t o  o b t a i n  t h e  necessary  informat ion  about  t h e  e x c i t e d  
states. W e  have t h e r e f o r e  developed new measurement techniques t o  o b t a i n  p o t e n t i a l  curves ,  f -va lues ,  
and k i n e t i c  behavior  f o r  Hg2. These techniques  are  a p p l i c a b l e  t o  t h i s  whole c l a s s  of d i s s o c i a t i o n  
molecular  systems. 

Key words: D i s s o c i a t i o n  laser; excimers; e x c i t e d  s ta te  k i n e t i c s ;  f -values;  mercury molecules: new 
s p e c t r o s c o p i c  techniques;  o p t i c a l  e x c i t a t i o n ;  p o t e n t i a l  curves .  

I. INTRODUCTION 

There i s  c u r r e n t l y  much i n t e r e s t  i n  t h e  development of h igh  energy t u n a b l e  lasers i n  t h e  v i s i b l e  

and near  W. 

a t i v e  ground states g i v e  promise of achiev ing  t h i s  goa l .  

l a s e r  c a n d i d a t e s  inc lude  p u r e  metals such as Hg2, Zn2, Cd2; mixed metals such as HgZn; metal-noble 

g a s  molecules  such a s  HgXe, LiXe; and pure noble  gas  dimers. 

been impeded because most of t h e  i n t e r e s t i n g  systems i n c l u d e  meta ls  which are h ighly  r e a c t i v e  a t  

t h e  high p r e s s u r e s  and temperatures  of l a s e r  i n t e r e s t .  Furthermore, t h e  d i s s o c i a t i v e  n a t u r e  of t h e  

e l e c t r o n i c  ground s ta te  s e v e r e l y  i n h i b i t s  convent ional  a b s o r p t i o n  spectroscopy hence, even f o r  such 

ubiqui tous  systems a s  Hg2, t h e r e  e x i s t s  very  l i t t l e  b a s i c  d a t a  (eg. A v a l u e s ,  p o t e n t i a l  energy 

curves ,  energy t r a n s f e r  rates, e t c . ) .  

made t o  l a s e ,  and even t h e s e  are poorly understood. 

"Dissoc ia t ion  lasers" o p e r a t i n g  on e l e c t r o n i c  t r a n s i t i o n s  i n  molecules having d i s s o c i -  

The molecules  of i n t e r e s t  as d i s s o c i a t i o n  

Research on t h i s  class of laser has 

A t  t h e  p r e s e n t  t i m e ,  only pure  rare g a s  systems have been 

The mercury system is  c u r r e n t l y  t h e  most a t t r a c t i v e  of t h e  metal vapors  from t h e  p o i n t  of view 

of developing t h e  measurement techniques  and g a t h e r i n g  t h e  b a s i c  d a t a  needed f o r  understanding t h i s  

c l a s s  of lasers. Some, a l b e i t  very  l i t t l e ,  informat ion  is a v a i l a b l e  about  molecular  mercury from 

r e s e a r c h  extending back more than  70 yea r s .  

t empera tures ,  can s t i l l  be  s t u d i e d  i n  convent ional  g l a s s  o r  q u a r t z  c e l l s  and d i s c h a r g e  e x c i t a t i o n  

i s  a l s o  r e l a t i v e l y  easy t o  o b t a i n .  

be  roughly d iv ided  i n t o  t h r e e  c a t e g o r i e s  according t o  t h e  type  of e x c i t a t i o n  employed: 

(1) 

t o r r  (1 t o r r  = 133 N/m ) ,  (2) low p r e s s u r e  d i s c h a r g e  e x c i t a t i o n [ 2 1  and, more r e c e n t l y ,  (3) h igh  

The mercury molecule ,  whi le  somewhat r e a c t i v e  a t  high 

Previous ana lyses  of e l e c t r o n i c a l l y  e x c i t e d  mercury molecules can 

o p t i c a l  e x c i t a t i o n  v i a  t h e  atomic resonance line''] (253.7)nm a t  mercury p r e s s u r e s  less than  1 

2 



energy (Mev) e l e c t r o n  beam e x c i t a t i o n  a t  p r e s s u r e s  of s e v e r a l  hundred t o r r  o r  more[31. 

techniques h a s  provided u s e f u l  information and each h a s  i t s  l i m i t a t i o n s .  Discharge e x c i t a t i o n  can 

produce a f a i r l y  h igh  d e n s i t y  of excimers ( e l e c t r o n i c a l l y  exc i t ed  molecules  whose ground s t a t e  is 

d i s s o c i a t i v e )  b u t  t h e  a n a l y s i s  of t h e  s t a t e s  of i n t e r e s t  i s  confused by t h e  presence of charged 

p a r t i c l e s  and h igh ly  exc i t ed  molecular  s t a t e s  which can a c t  a s  me tas t ab le  energy r e s e r v o i r s  o r  as 

abso rbe r s .  Resonance l i n e  o p t i c a l  pumping avo ids  t h e s e  d i f f i c u l t i e s  ( i f  t h e  resonance lamp i s  

s u i t a b l y  f i l t e r e d ) ,  b u t  t h i s  technique i s  r e s t r i c t e d  t o  mercury p r e s s u r e s  w e l l  below t h e  range of 

laser i n t e r e s t  because,  a t  p r e s s u r e s  of 1 t o r r  o r  more, t h e  e x c i t i n g  r a d i a t i o n  i s  a l l  absorbed i n  a 

ve ry  t h i n  shea th  a t  t h e  edge of t h e  vapor and i n t e r a c t i o n s  with t h e  w a l l  dominating t h e  obse rva t ions .  

Each of t h e s e  

I n  t h i s  paper ,  w e  r e p o r t  r e s u l t s  ob ta ined  wi th  a type  of o p t i c a l  p ~ m p i n g [ ~ ] w h i c h  is a p p l i c a b l e  

2 from a few t o r r  t o  s e v e r a l  atmospheres.  

e x c i t e d  states d i r e c t l y  from t h e  weak Van d e r  Waals w e l l  and continuum reg ion  of t h e  e l e c t r o n i c  

ground s ta te .  

s o r p t i o n  band which w e  have used f o r  our o p t i c a l  pumping ( i t  must be  emphasized t h a t  v e r y  l i t t l e  i s  

High power continuum lamps have been used t o  popu la t e  Hg 

F igure  1.1 shows t h e  pos tu l a t ed  Hg p o t e n t i a l  curves[51 and t h e  l o c a t i o n  of t h e  ab- 2 

known about t h e s e  curves and f i g u r e  1 may be  shown t o  be  i n c o r r e c t  by f u t u r e  r e sea rch .  Th i s  ab- 

s o r p t i o n  band w a s  s t u d i e d  e x t e n s i v e l y  by Kuhn and FreudenbergL6] and Lennuier[*] and has  been shown 

t o  extend from t h e  resonance l i n e  a t  2 5 3 . 7  t o  beyond 3 2 0  nm depending on t h e  p r e s s u r e  and temper- 

a t u r e .  The band is o p t i c a l l y  t h i c k  i n  t h e  r eg ion  of 2 5 3 . 7  nm b u t  w e  have produced s t r o n g  volume 

e x c i t a t i o n  even a t  p r e s s u r e s  of 10 a t m .  The d e t a i l s  of t h i s  o p t i c a l  pumping technique and t h e  

v a r i o u s  experimental  procedures  are d i scussed  i n  s e c t i o n  2 .  

I n  s e c t i o n  3 ,  w e  p r e s e n t  a n  a n a l y s i s  of s t e a d y  s t a t e  d a t a  from t h e  3 3 5  and 485  nm f luo rescence  

bands. 

probably t h e  e n t i r e  manifold of states which a r i s e  from 6 3P 

among themselves (bu t  not wi th  t h e  e l e c t r o n i c  ground s t a t e ) .  

a c t i v a t i o n  energy f o r  t r a n s i t i o n s  from t h e  485  r e s e r v o i r  t o  t h e  3 3 5  r e s e r v o i r .  

Th i s  a n a l y s i s  i n d i c a t e s  t h a t  t h e  exc i t ed  e l e c t r o n i c  s t a t e s  which e m i t  t h e s e  bands (and 

1 + 6 

Th i s  a n a l y s i s  also g i v e s  a 6 5 0 0  cm-' 

S ) a r e  i n  thermal  equ i l ib r ium J 0 

I n  s e c t i o n  4 ,  w e  p r e s e n t  some p re l imina ry  t i m e  decay d a t a  which shows t h a t  t h e  4 8 5  and 335  

bands decay w i t h  t h e  common l i f e t i m e  and t h i s  l i f e t i m e  i s  a s t r o n g  f u n c t i o n  of t h e  temperature  and 

d e n s i t y  of t h e  mercury vapor.  

2 



11. EXPERIMENTAL 

I n  t h i s  s e c t i o n ,  w e  d e s c r i b e  t h e  mercury containment c e l l s ,  f i l l i n g  procedure,  oven and temper- 

a t u r e  c o n t r o l l e r s ,  l i g h t  sou rces  used t o  e x c i t e  t h e  molecular s p e c t r a ,  d e t e c t i o n  systems, spec t ro-  

graphs,  and c a l i b r a t i o n  procedures.  P u r i t y  of t h e  c e l l s  and mercury used i n  these  experiments i s  

of t h e  utmost importance; some anomalous r e s u l t s  t h a t  w e  ob ta ined  by f i l l i n g  t h e  c e l l s  w i th  labor-  

atory grade  t r i p l e - d i s t i l l e d  mercury and o rd ina ry  vacuum techniques  w i l l  be  d i scussed  a long  wi th  

the mercury handl ing  procedures  w e  have now developed. 

I n  a l l  t h e  experiments desc r ibed  i n  t h i s  monograph, we used a l i g h t  sou rce  t o  e x c i t e  mercury 

vapor conta ined  i n  a qua r t z  c e l l .  

tached t o  t h e  ce l l  and t h e  tempera ture  was c o n t r o l l e d  by hea t ing  t h e  c e l l  body. 

t y p i c a l  schematic of our  appara tus .  

A. Cell  and Oven 

The p r e s s u r e  of t h e  mercury w a s  determined by a co ld  f i n g e r  a t -  

F igu re  2.1 i s  a 

The c e l l s  were made from 2.5 cm d i a .  qua r t z  tub ing  i n  t h e  form of a c ros s .  The f o u r  windows 

were of W grade  qua r t z  and fused onto  t h e  c e l l  body. The o p t i c a l  pa th  l eng th  between windows was 

3.65 cm. The c e l l  had a s m a l l  tube  ex tending  from i t s  body t h a t  ac t ed  a s  a r e s e r v o i r  f o r  t h e  mercury 

and as a co ld  f i n g e r  so t h a t  t h e  mercury vapor p re s su re  could be  v a r i e d  independently of c e l l  temper- 

ature.  S ince  t h e  ce l l  body w a s  n o t  made o u t  of W-grade q u a r t z ,  i t  f luo resced  s t r o n g l y  i n  a broad 

band centered  around 400 nm i f  any of t h e  e x c i t i n g  r a d i a t i o n  impinged on it .  To he lp  e l imina te  

t h i s  problem a mask of l i q u i d  gold w a s  pa in t ed  around t h e  edge of each window t o  he lp  prevent  in- 

c i d e n t  r a d i a t i o n  from d i r e c t l y  en te r ing  t h e  c e l l  body and t o  mask t h e  f luo resc ing  edge of t h e  ce l l  

from t h e  d e t e c t i o n  o p t i c s .  Cells of t h i s  des ign  could no t  be  opera ted  much above atmospheric pres- 

* 

1gCm-3 
s u r e  ( d e n s i t i e s  - 1 0  1. 

The c e l l  w a s  conta ined  i n  a two compartment oven cons t ruc t ed  of low d e n s i t y  f i r e  b r i c k  i n  which 

t h e  compartments were hea ted  s e p a r a t e l y ,  each w i t h  a tempera ture  r e g u l a t i n g  system. The upper p a r t  

of t h e  oven where t h e  c e l l  p roper  w a s  housed determined t h e  mercury vapor tempera ture  and w a s  equip- 

ped wi th  fou r  window p o r t s  t o  co inc ide  wi th  t h e  f o u r  windows on t h e  c e l l ,  each p o r t  w a s  f i t t e d  wi th  

a q u a r t z  window t o  prevent  h e a t  l o s s  (see f i g .  2.1).  I n s i d e  t h i s  oven and surrounding t h e  c e l l  w a s  

a thin-walled s t a i n l e s s  steel cy l inde r  w i t h  fou r  window p o r t s  c u t  i n  it. 

h e a t  and l i g h t  b a f f l i n g  as w e l l  as provid ing  a base  on which t h e  h e a t e r  was wound. 

The lower oven housed t h e  mercury r e s e r v o i r  and had no windows, t hus  provid ing  maximum temper- 

T h i s  provided a d d i t i o n a l  

a t u r e  s t a b i l i t y  and uni formi ty .  Thermocouples were a t t ached  d i r e c t l y  t o  t h e  g l a s s  s i d e  arm a t  a po in t  

where i t  w a s  f u l l  of l i q u i d  mercury. The s i d e  a r m  a l s o  had a t h i n  l a y e r  of a sbes tos  wrapped on i t  

* A t h i c k  o rgan ic  s o l u t i o n  con ta in ing  gold which when pa in ted  on a s u r f a c e ,  d r i e d  and hea ted  t o  

> 6OO0C l e a v e s  a t h i n  l a y e r  of gold bonded t o  t h e  su r face .  

work as it burns  o f f  i n  a i r  a t  tempera tures  above 50OoC. 

The usua l  coa t ing  of "aquadag" w i l l  n o t  
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and w a s  f i n a l l y  wrapped wi th  s e v e r a l  l a y e r s  of heavy aluminum f o i l  t o  i n s u r e  tempera ture  uni formi ty .  

The h e a t e r  f o r  t h i s  p a r t  of t h e  oven w a s  a c o i l  of nichrome w i r e  wound j u s t  on t h e  i n s i d e  of t h e  f i r e  

b r i c k .  

Both oven compartments w e r e  hea ted  by d i r e c t  c u r r e n t  through series r e g u l a t o r s  whereby t h e  cur- 

r e n t  t o  t h e  h e a t e r  w a s  c o n t r o l l e d  by t h e  d i f f e r e n c e  p o t e n t i a l  between t h e  c o n t r o l  thermocouple and a 

r e f e r e n c e  v o l t a g e  s e t  t o  t h e  d e s i r e d  tempera ture .  

This  system was of low h e a t  capac i ty  and tempera ture  changes as l a r g e  as 306)C could be  ac- 

complished wi th in  15  minutes.  However, t i g h t  r e g u l a t i o n  c o n t r o l l e d  t h e  r e s e r v o i r  tempera ture  t o  

f 0.05 C f o r  pe r iods  a s  long as s e v e r a l  days r e s u l t i n g  i n  mercury vapor d e n s i t y  c o n t r o l  t o  b e t t e r  

than  0.5%. 

0 

B. P u r i t y  Problems and C e l l  F i l l i n g  Procedures 

In t h e  o l d e r  l i t e r a t u r e E 7 ] ,  i t  had been noted t h a t  a i r  and o t h e r  g a s e s  des t royed  t h e  f luo rescence .  

191 More r e c e n t l y  Stupavsky, Drake, and KrauseL8] observed an anomalous Hg2 band t h a t  V ik i s  and LeRoy 

have subsequent ly  suggested w a s  due t o  an  impur i ty  of HgC1. 

b i n e  wi th  many atomic and molecular spec ie s .  For t h e s e  r easons ,  it i s  necessary  t o  t a k e  g r e a t  c a r e  

I n  g e n e r a l ,  mercury i s  known[1o1 t o  com- 

t o  i n s u r e  p u r i t y  i n  p repa r ing  sample c e l l s .  

I n  our i n i t i a l  experiment,  we  f i l l e d  t h e  c e l l s  w i th  l abora to ry  g rade  t r i p l e - d i s t i l l e d  mercury. 

The c e l l  w a s  pumped down t o  a p r e s s u r e  of 10  

i n t o  it. We found t h a t  when t h e  c e l l s  w e r e  heated t o  g i v e  a mercury p r e s s u r e  of 2-5 a t m  and exposed 

t o  any of t h e  b lue  argon i o n  laser l i n e s ,  t h e  c h a r a c t e r i s t i c  485 run blue-green Hg2 f luo rescence  

band appeared. The f i r s t  c e l l  f a i l e d ,  however, when t h e  p r e s s u r e  exceeded s e v e r a l  atmospheres. With 

a new ce l l  and s l i g h t l y  improved vacuum techniques ,  w e  t r i e d  t o  reproduce and s tudy  t h i s  laser in- 

duced f luo rescence  e f f e c t  under c a r e f u l l y  c o n t r o l l e d  cond i t ions .  

l a s t e d  only  a few hours  a f t e r  i n i t i a l  hea t ing .  

mercury c e l l s  as desc r ibed  below, t h i s  laser induced f luo rescence  completely d isappeared ,  i n d i c a t i n g  

t h a t  i t  is probably produced by an  impur i ty  i n  some l a b o r a t o r y  g rade  mercury. Although time has  n o t  

allowed an  i n v e s t i g a t i o n  of t h i s  " s e n s i t i z e d  f luorescence" ,  we  have used i t  as an i n d i c a t i o n  of t h e  

c l e a n l i n e s s  i n  t h e  v a r i o u s  c e l l s .  

-7 t o r r  and baked t o  300°C b e f o r e  t h e  Hg w a s  d i s t i l l e d  

The f luo rescence  w a s  weaker and 

With t h e  improved vacuum techniques  f o r  p repa r ing  

The c e l l s  used f o r  t h e  experiments desc r ibed  i n  t h i s  monograph were prepared i n  t h e  fo l lowing  

manner : 

P r i o r  t o  t h e  a c t u a l  f i l l i n g  of a ce l l ,  l a b o r a t o r y  grade ,  t r i p l e - d i s t i l l e d  mercury i s  d i s t i l l e d  

i n t o  ampules wi th  t h e  arrangement shown i n  f i g u r e  2 . 2 .  

through a "U" t ube  t r a p  t o  a bakeable  vacuum s t a t i o n  and t h e  e n t i r e  system i s  baked a t  400 C f o r  

24 hours.  

The ampule , f i l l i n g  appa ra tus  i s  a t t ached  

On coo l ing ,  a vacuum of - lo-' t o r r  is a t t a i n e d .  The system is then  b a c k f i l l e d  wi th  
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argon t o  1 atm p r e s s u r e  and opened a t  p o i n t  A. 

and t h e  system c losed  a t  p o i n t  B. 

i s  pumped ou t  of t h e  system. 

2. 2 x 

t ube  (D) and f i l l e d  wi th  d r y  i c e ,  a r e f l u x  column i s  set up; C 

f l u x i n g  Hg mig ra t e s  over i n t o  t h e  ampules. 

mercury,  i t  i s  t ipped  o f f  and removed from t h i s  system. 

Laboratory g rade  mercury i s  i n j e c t e d  i n t o  p o i n t  C 

The "U" tube t r a p  i s  then  cooled w i t h  l i q u i d  N2 and t h e  argon 

The p r e s s u r e  a t  t h i s  p o i n t  w i t h  t h e  Hg vapor t rapped o u t ,  i s  

t o r r .  Using a foam p l a s t i c  cup f i t t e d  over  t h e  f i l l i n g  tube (B)  and i n v e r t e d  "U" 

B. A sma l l  f r a c t i o n  of t h e  re-  

When a n  ampule i s  f i l l e d  w i t h  approximately 5 gm of 

Th i s  procedure r e s u l t s  i n  ampules of pure 

mercury sea l ed  under a vacuum of a few t imes 10 -8 t o r r .  

remaining system is  aga in  f i l l e d  wi th  argon and c u t  between t h e  l i q u i d  n i t r o g e n  t r a p  and t h e  per- 

manent p a r t  of t h e  s t a t i o n .  

To keep t h e  pumping s t a t i o n  c l e a n ,  t h e  

T h i s  removes a l l  g l a s s  t h a t  h a s  been exposed t o  mercury. 

To fill a c e l l ,  t h e  arrangement shown i n  f i g u r e  2.3  i s  cons t ruc t ed  o n ' t h e  pumping s t a t i o n .  It  

c o n s i s t s  simply of t h e  c e l l  t o  b e  f i l l e d ,  an ampule of mercury and a "U" tube f o r  a t r a p .  S ince  

t h e  c e l l  i s  t o  b e  operated a t  temperatures  up t o  900°C, i t  must b e  baked a t  l e a s t  t o  t h i s  temper- 

a t u r e .  For t h i s  purpose,  a s m a l l  oven made of a h e a t e r  and f i r e  b r i c k  i s  placed around t h e  c e l l  

i n s i d e  t h e  main bake-out oven. 

of t h e  vacuum s t a t i o n  i s  baked a t  4OO0C f o r  24-36 hours .  

t h e  s m a l l  oven removed, t h e  t r a p  cooled i n  l i q u i d  n i t r o g e n  and t h e  mercury ampule opened. A t  t h i s  

p o i n t  and throughout t h e  rest of t h e  f i l l i n g  procedure,  t h e  p r e s s u r e  on t h e  vacuum s i d e  of t h e  t r a p  

i s  less than  t o r r .  Some of t h e  mercury is then  t r a n s f e r r e d ,  aga in  by d i s t i l l a t i o n ,  i n t o  t h e  

c e l l .  

b e  c a r r i e d  d i r e c t l y  i n t o  t h e  c e l l .  To p reven t  t h i s ,  we b o i l  t h e  mercury g e n t l y  and make t h e  g l a s s  

between t h e  Hg ampule and t h e  c e l l  of s u f f i c i e n t  l eng th  and s l o p e  ( f i g .  2 .3)  s o  t h a t  any e n t r a i n e d  

mercury condenses on t h e  w a l l s  and r o l l s  back toward t h e  ampule. During t h e  t ip-off  ope ra t ion ,  t h e  

c e l l  i s  hea ted  t o  cause  a l a r g e  f l u x  of mercury vapor t o  sweep ou t  p a s t  t h e  t i p -o f f  po in t  and c a r r y  

w i t h  i t  out-gassed p roduc t s  of t h e  t i p -o f f  ope ra t ion .  

Th i s  a l lows  t h e  c e l l  t o  be  baked o u t  a t  1000-llOO°C whi l e  t h e  rest 

A f t e r  t h e  bake-out, t h e  system i s  coo led ,  

Mercury o f t e n  b o i l s  v i o l e n t l y  when d i s t i l l e d  and mercury d r o p l e t s  e n t r a i n e d  i n  t h e  vapor could 

With t h e  c e l l s  prepared i n  t h i s  manner and wi th  a p p r o p r i a t e  e x c i t a t i o n ,  w e  have been a b l e  t o  

observe Hg2 f luo rescence  over a d e n s i t y  range of 

8 O e C .  

vapors ,  w e  do not  observe f luo rescence  induced by any of t h e  A r  laser l i n e s .  

t o  1020cm-3 and vapor temperatures  of 175  t o  

These s i g n a l s  a r e  s t a b l e  and show no change over  24 hours  of ope ra t ion .  With t h e s e  c l e a n  
+ 
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C. O p t i c a l  Pumping and Light  Sources 

LennuierL4I  and Kuhn and Freudenbergr6] have shown t h a t  mercury vapor absorbs  r a d i a t i o n  i n  a 

broad band from t h e  253.7 nm resonance l i n e  t o  beyond 320 nm. 

"clean" technique ,  i n  which only  t h e  bands of i n t e r e s t  (335 and 485 nm) are exc i t ed  and f luo rescence  

i s  produced throughout t h e  c e l l .  F igure  2.4 shows Kuhn and Freudenberg's r e l a t i v e  abso rp t ion  co- 

e f f i c i e n t  a as a f u n c t i o n  of wavelength where I/I Also p l o t t e d  on t h e  same graph is t h e  

r a t i o  R of i n t e g r a t e d  f luo rescence  i n t e n s i t y  of t h e  335 band t o  t h e  e x c i t i n g  wavelength i n t e n s i t y  

as a f u n c t i o n  of e x c i t i n g  wavelength a t  a p r e s s u r e  of 600 t o r r .  

Th i s  type  of o p t i c a l  pumping i s  a 

= e-w, 

t41 

These r e s u l t s  show t h a t  one can couple  power i n t o  any depth  of mercury vapor and a t  almost any 

vapor d e n s i t y  and t h u s  o b t a i n  volume e x c i t a t i o n .  To make f u l l  u s e  of t h i s  pumping scheme f o r  

d e n s i t i e s  up t o  1020cm-3, w e  have used s e v e r a l  types  of lamps t o  maximize t h e  power i n  t h e  wave- 

l eng th  r eg ion  e f f e c t i v e  a t  t h e  p a r t i c u l a r  d e n s i t y  r eg ion  i n v e s t i g a t e d .  

a germic ida l  resonance lamp i s  most e f f e c t i v e ,  f o r  d e n s i t i e s  from 10l6 t o  10 

(Osram type)  mercury lamp most e f f e c t i v e l y  e x c i t e s  t h e  Hg2 bands. Above 10 c m  h igh  p r e s s u r e  

xenon and mercury-xenon compact a r c  lamps a r e  used. We r e c e n t l y  obta ined  a commercial ADP frequency 

doubler  which w a s  used t o  double  t h e  514.5 nm Argon ion  l a s e r  l i n e  thus  producing a 1 0  mW beam of 

257.2.nm r a d i a t i o n .  This  l i g h t  source  produces a smal l  volume, high d e n s i t y  e x c i t a t i o n .  

1 6  -3 A t  low d e n s i t i e s  2 10  c m  

18 -3  c m  a medium p r e s s u r e  

18  -3  

For t h e  r a t h e r  pre l iminary  time reso lved  s t u d i e s  which are presented  i n  s e c t i o n  I V ,  a c o a x i a l  

system c o n s i s t i n g  of a 1 O J  energy s t o r a g e  c a p a c i t o r ,  a swi tch ing  t h y r a t r o n  and a 2-4 mm a i r  spa rk  

gap w a s  used. During t h e  .5-1 psec  d i scha rge  t ime of t h e  c i r c u i t ,  t h e  a i r  spa rk  r a d i a t e d  l i g h t  

w i t h  a s p e c t r a l  d i s t r i b u t i o n  roughly corresponding t o  a 10,000 K blackbody. 

Each of t h e s e  l i g h t  sou rces  (except f o r  t h e  l a s e r )  w a s  used i n  conjunct ion  wi th  a n  o p t i c a l  

system which c o l l e c t e d ,  co l l ima ted ,  f i l t e r e d  and re focused  t h e  l i g h t  i n t o  t h e  c e l l .  This  system 

c o n s i s t s  of s imple , s ing le  element f l 1 . 5  qua r t z  l e n s e s  and a tri-compartmented c e l l  which conta ined  

t h e  d e s i r e d  combination of f i l t e r  s o l u t i o n s ,  see f i g u r e  2.1.  The f i l t e r  used throughout most of t h i s  

work i s  one of NiS04-H20, Cos0 -H 0 and pure  C1 gas .  

(Tmax 

This  combination g i v e s  a h igh  t r ansmiss ion  4 2  2 

> 50%) a t  270 nm; t h e  t r ansmiss ion  curve  is g iven  i n  f i g u r e  2.5. 

I n  a d d i t i o n  t o  t h e  l i g h t  sources  above, w e  have used t h e  337.1 nm ou tpu t  of a pulsed 1 MW 

n i t r o g e n  laser t o  e x c i t e  t h e  mercury vapor.  The 485 nm band f luo rescence  w a s  observed through a 

broad band 480 nm i n t e r f e r e n c e  f i l t e r  a t  d e n s i t i e s  i n  excess  of 10  cm . A cw He-Cd laser (10 

mW a t  325 nm) a l s o  e x c i t e s  t h e  Hg2 band f luo rescence  a t  d e n s i t i e s  > 10 

e x c i t a t i o n  was r a t h e r  weak and n e i t h e r  technique  w a s  used beyond t h e  i n i t i a l  t r i a l s .  

19 -3 

I n  bo th  cases t h e  
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D. Detec t ion  Systems 

To d e t e c t  t h e  molecular mercury bands a t  335 and 485 nm w e  have used bo th  S ( Q )  b l u e  response  

To observe  t h e  molecular  bands i n  t h e  appropr i a t e  s p e c t r a l  and S-20 r ed  response  pho tomul t ip l i e r s .  

r e g i o n  w e  e i t h e r  used t h e  pho tomul t ip l i e r s  w i th  f i l t e r s  o r  a 113 meter scanning monochrometer, de- 

pending on t h e  type  of experiment and l i g h t  i n t e n s i t y .  The t ransmiss ion  curves  of t h e  broadband 

interference fi lters used t o  measure the 335 and 485 band, a r e  shown i n  f i g u r e s  2.6 and 2 . 7 .  

The spec t rometer  w a s  c a l i b r a t e d  f o r  wavelength, ins t rument  l i n e  p r o f i l e ,  and (with each of t h e  

pho tomul t ip l i e r s )  quantum e f f i c i e n c y .  The spec t rometer  has  a s p e c t r a l  l i n e  wid th  of 0.07 nm (FWHM) 

a t  a sl i t  width of 10 I.rm and a l i n e  wid th  of 0.3 run a t  a s l i t  wid th  of 135 pm. The spec t rometer  

s c a t t e r e d  l i g h t  level beyond 1 .5  band widths  was found t o  b e  < 0.5% i n  bo th  cases .  We g e n e r a l l y  

used sl i t  wid ths  corresponding t o  an  in s t rumen ta l  bandwidth of 0.3 - 1.0 nm. We used a s p e c t r a l  

i r r a d i a n c e  tungs ten  iod ine  lamp[111 t o  c a l i b r a t e  t h e  pho tomul t ip l i e r  and spec t rometer  combinations 

f o r  r e l a t i v e  quantum e f f i c i e n c y .  The lamp was e s s e n t i a l l y  a blackbody source  a t  a s p e c i f i c  co lo r  

tempera ture  f o r  a f i x e d  c u r r e n t  i npu t  t o  t h e  lamp. In  our c a s e ,  t h e  c a l i b r a t i o n  w a s  made a t  two 

c o l o r  tempera tures  3110 ? 15 K and 2785 .t 15  K. The independent c a l i b r a t i o n s  agreed t o  w i t h i n  2 1% 

i n  t h e  s p e c t r a l  r eg ion  300-700 nm. 
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111. STEADY STATE DATA 

A. Band Shapes 

The cw-optical pumping schemes descr ibed  i n  t h e  prev ious  s e c t i o n  have been used t o  e x c i t e  mercury 

vapor a t  p r e s s u r e s  ranging from about  one t o r r  t o  s e v e r a l  atmospheres and temperatures  ranging from 

175OC t o  1000°C. The e n t i r e  f luorescence  spectrum has been scanned under moderate r e s o l u t i o n  (about 

0 .3  nm t o  1.0 nm) from 230 nm t o  700 nm us ing  v a r i o u s  spec t rometers  and p h o t o m u l t i p l i e r s .  A t y p i c a l  

p h o t o e l e c t r i c  trace is  shown i n  f i g u r e  3.1. 

a r e s o l u t i o n  of about  0.3 nm, us ing  a photomul t ip l ie r  wi th  an S ( Q )  response curve. 

sponse of t h e  instrument  was c a l i b r a t e d  us ing  a s tandard  lamp, and t h e  trace shown i n  f i g u r e  3 .1  

i n c l u d e s  t h i s  c o r r e c t i o n  f a c t o r .  (The i n t e n s i t i e s  repor ted  i n  t h i s  paper are p r o p o r t i o n a l  t o  t h e  

number of photons per  wavelength i n t e r v a l . )  S ince  t h e  c o r r e c t i o n  f a c t o r  wi th  t h e  S ( Q )  phototube 

becomes r a t h e r  l a r g e  f o r  X > 550 nm, another  t r a c e  w a s  made us ing  t h e  same spectrometer  w i t h  a n  

S-20 phototube.  This  p a r t i c u l a r  curve  shows f l u o r e s c e n c e  e x c i t e d  wi th  t h e  150 W X e  Continuum lamp 

f i l t e r e d  t o  pass  only 240 t o  290 nm r a d i a t i o n  (d iscussed  i n  S e c t i o n  11) .  

i n t e n s i t y  source ,  t h e  r a d i a t i o n  s c a t t e r e d  by t h e  c e l l  c o n s t i t u t e s  an a p p r e c i a b l e  s i g n a l  which i s  seen 

i n  f i g u r e  3 .1  as a continuum between 240 and 290 nm. Measurements of t h i s  s c a t t e r i n g ,  taken wi th  t h e  

c e l l  a t  room temperature ,  enable  u s  t o  s u b t r a c t  o u t  i t s  c o n t r i b u t i o n  b u t  i t  d o e s n ' t  i n t e r f e r e  appre- 

c i a b l y  w i t h  t h e  335 band i n  any case. 

This  t r a c e  was taken wi th  a 113 meter spec t rometer ,  wi th  

The t o t a l  re- 

Since  t h i s  i s  a very  high 

A similar curve,  e x c i t e d  wi th  t h e  frequency doubled Argon i o n  laser, is shown i n  f i g u r e  3.2. I n  

t h i s  case, t h e  doubled laser output  w a s  focused i n t o  a s m a l l  volume t h u s  c r e a t i n g  a high excimer 

13  3 3 d e n s i t y  (es t imated  a t  10 /cm ) and some secondary pumping of t h e  7 S1 s ta te  of atomic mercury is 

observed. This  f i g u r e  a l s o  shows s c a t t e r i n g  of t h e  doubled laser l i n e  a t  257.2 nm as w e l l  a s  a 

small amount of t h e  primary laser l i n e  a t  514.5 nm which s c a t t e r e d  i n t o  t h e  c e l l .  More r e c e n t  

r u n s  us ing  unfocused 257.2 e x c i t a t i o n  show no atomic emission and wi th  b e t t e r  f i l t e r i n g ,  t h e  514.5 

scatter has  been removed. Comparison of laser e x c i t e d  f l u o r e s c e n c e  d a t a  w i t h  lamp e x c i t e d  d a t a  

shows no d i f f e r e n c e  between t h e  two (o the r  than  a weak e x c i t a t i o n  of t h e  7 S1 obtained by focus ing  

t h e  laser i n t o  a s m a l l  volume). 

3 

It is i n t e r e s t i n g  t o  n o t e  t h a t  t h e  peak of t h e  f a m i l i a r  485 band occurs  a t  510 nm i n f i g u r e s  3 .1  

and 3.2. I n  our  uncorrec ted  traces t h e  peak occurred a t  485 b u t  when t h e  d a t a  are c o r r e c t e d  f o r  t h e  

spectrometer  response f u n c t i o n ,  t h e  t r u e  maximum appears  a t  510. The 335 band shape is e s s e n t i a l l y  

unchanged when c o r r e c t e d  f o r  t h e  spectrometer  response f u n c t i o n .  S ince  t h e  band shapes and t h e  lo-  

c a t i o n  of t h e  m a x i m u m  i n t e n s i t y  are r a t h e r  important  q u a n t i t i e s  i n  eva lua t ing  p o t e n t i a l  curves  and 

t r a n s i t i o n  p r o b a b i l i t i e s ,  t h e  s h i f t  of t h e  apparent  maximum from 485 run t o  510 nm emphasizes t h e  

need f o r  wel l -ca l ibra ted  d e t e c t i o n  systems. 



The shapes  of t h e  335 and 485 bands as  f u n c t i o n s  of d e n s i t y  and tempera ture  are shown i n  f i g u r e s  

3.3 - 3.6.  The i n t e g r a t e d  band i n t e n s i t i e s  are  normalized to u n i t y  i n  o r d e r  t o  show the s h i f t s  of 

t h e  popula t ions  w i t h i n  t h e  r e s p e c t i v e  bands.  A s  t empera ture  i s  i n c r e a s e d ,  b o t h  bands show a de- 

crease i n  peak i n t e n s i t y ,  a n  o v e r a l l  broadening of t h e  band and a s l i g h t  s h i f t  toward t h e  b lue .  

i s  what one would expect  from a Boltzmann d i s t r i b u t i o n  of v i b r a t i o n a l  s ta tes ;  t h a t  is ,  a n  i n c r e a s e  

i n  temperature  reduces  t h e  popula t ion  a t  t h e  bottom of t h e  w e l l  which r a d i a t e s  t h e  i n t e n s i t y  maximum, 

and cor respondingly  i n c r e a s e s  t h e  popula t ion  of  t h e  h igher  v i b r a t i o n  s ta tes  which r a d i a t e  i n  t h e  

wings of t h e  band. 

This  

The s h i f t  t o  t h e  b l u e  w i l l  b e  d iscussed  later i n  t h i s  section. 

F igures  3.5 and 3.6 show that  the band shapes  are  n o t  a f f e c t e d  by  changes i n  d e n s i t y .  T h i s  

i s  a l s o  what one would expect  from a thermal  d i s t r i b u t i o n  of v i b r a t i o n a l  states s i n c e  t h e  Boltz-  

mann f a c t o r  i s  independent of d e n s i t y .  The absence of d e n s i t y  dependence of t h e  shape of t h e  485 

band cannot  b e  used t o  confirm o r  deny t h e  mechanism of c o l l i s i o n  induced r a d i a t i o n  which i s  o f t e n  

proposed f o r  t h i s  band. 

B.  Band I n t e n s i t i e s  

The i n t e n s i t i e s  of t h e  485 and 335 bands were measured as  f u n c t i o n s  of tempera ture  and d e n s i t y .  

Most of these measurements were made u s i n g  f i l t e r s  i n  f r o n t  of a p h o t o m u l t i p l i e r  r a t h e r  than  a spec t ro-  

m e t e r  i n  o r d e r  t o  i n c r e a s e  t h e  s i g n a l  and thereby extend t h e  range  of t h e s e  measurements. A compar- 

ison of t h e  f i l t e r  f u n c t i o n s ,  f i g u r e s  2.6 and 2 .7 ,  with t h e  observed s p e c t r a l  d i s t r i b u t i o n ,  f i g u r e  

3 .1 ,  shows t h a t  t h e  f i l t e r s  d i d  n o t  i n t e g r a t e  t h e  en t i r e  hand. 

t h e  bands hence t h e  readings  are  p r o p o r t i o n a l  t o  t h e  t o t a l  band i n t e n s i t i e s  and t h e  i n t e n s i t y  r a t i o s  

should b e  a c c u r a t e .  This  a s s e r t i o n  w a s  checked by i n t e g r a t i n g  spec t rometer  t r a c i n g s ,  such as f i g u r e  

3.1 i n  the temperature-densi ty  range  where spec t rometer  measurements could b e  made; t h e  i n t e n s i t y  

r a t i o s  obta ined  w i t h  t h e  f i l t e r s  agreed w i t h  those  obta ined  from spec t rometer  t r a c i n g s  t o  b e t t e r  

than  1%. We c e r t a i n l y  do n o t  propose t h i s  f i g u r e  as a n  estimate of t h e  e r r o r  i n  a l l  of  our  d a t a ,  b u t  

i t  does nonethe less  i n d i c a t e  e x c e l l e n t  agreement between t h e s e  two measurement techniques  a t  least  

as f a r  as  i n t e n s i t y  r a t i o s  are  concerned. 

The f i l t e r s  do t h e  center 

In f i g u r e  3 .7 ,  w e  have p l o t t e d  t h e  l o g  of t h e  i n t e n s i t y  r a t i o  R = I ( 4 8 5 ) / 1 ( 3 3 5 )  v e r s u s  l /kT 

where kT is  i n  cm . F i g u r e  3.7 shows o n l y  s i x  r e p r e s e n t a t i v e  curves  b u t  several sets  of s i m i l a r  

d a t a  have been analyzed by computer. A l i n e a r  least  s q u a r e s  program w a s  used t o  f i t  t h e  d a t a  p o i n t s  

f o r  N > loL7 and T > 575 K ( i . e .  l /kT < 2.5 x 

( s o l i d  l i n e s )  T 2 573 K ,  g i v e  an a c t i v a t i o n  energy of 6500 cm 

appears  random; t h a t  i s ,  t h e r e  i s  no s y s t e m a t i c  t r e n d  i n  t h e  c a l c u l a t e d  s l o p e  as a f u n c t i o n  of d e n s i t y .  

This  l i n e a r i t y  shows t h a t ,  f o r  T 2 575OK and N > 10 , t h e  popula t ions  are r e l a t e d  by 

-1 

The s l o p e s  i n  t h e  l i n e a r  p o r t i o n  of t h e  d a t a ,  

-1 w i t h  a 2 2% sca t t e r  and t h i s  scat ter  

17 

-E/kT N /N m e  335 485 
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where E = 6500 cm-' t o  w i t h i n  2 2%. 

two o r d e r s  of magnitude i n  d e n s i t y  provides  a compelling argument t h a t  t h e  two e l e c t r o n i c  states 

(which r a d i a t e  485 and 335 r e s p e c t i v e l y )  are i n  thermal  equi l ibr ium.  

The f a c t  t h a t  t h e r e  i s  no v a r i a t i o n  i n  t h i s  s l o p e  over n e a r l y  

The N = 1017 run w a s  n o t  analyzed by computer because t h e r e  are n o t  enough p o i n t s  a t  high 

temperatures  t o  be  c e r t a i n  about  where thermal  equi l ibr ium a p p l i e s .  

t h e s e  d a t a  wi th  a 6500 cm-I s l o p e  f o r  comparison wi th  t h e  o t h e r  d a t a .  

shows t h a t  t h e  two e l e c t r o n i c  states are n o t  i n  equi l ibr ium wi th  one another  a t  t h i s  d e n s i t y .  

A s t r a i g h t  l i n e  w a s  drawn through 

The N = 5 x 1 0 l 6  run c l e a r l y  

The d e v i a t i o n  observed by decreas ing  t h e  temperature  a t  a c o n s t a n t  d e n s i t y  i s  n o t  t h e  only  

means of achiev ing  a d e v i a t i o n  from equi l ibr ium.  

f i x e d  temperature .  

d e n s i t y  f o r  s e v e r a l  f i x e d  tempera tures  l y i n g  both  above and below the  c r i t i c a l  v a l u e  of 575 K d i s -  

cussed above. 

McCoubrey[121 which were obta ined  wi th  t h e  resonance l i n e  e x c i t a t i o n  d iscussed  i n  S e c t i o n  I. 

It should b e  noted t h a t  t h e  lat ter were taken  i n  t h e  a f t e r g l o w  ( a f t e r  switching o f f  t h e i r  resonance 

lamp) whereas our  d a t a  are taken i n  s t e a d y  s ta te  wi th  a continuum lamp. 

states are n o t  i n  thermal equi l ibr ium f o r  N None of 

t h e  d a t a  i n  t h i s  f i g u r e  have been c a l i b r a t e d  t o  account f o r  t h e  band width of t h e  f i l t e r s  o r  t h e  

r e l a t i v e  s e n s i t i v i t y  of t h e  phototube i n  t h e  b l u e  335 and green  485 These c o r r e c t i o n s  

would only  m u l t i p l y  R by a c o n s t a n t ,  hence t h e  s l o p e  of t h e  curves  i s  c o r r e c t  even though t h e  v e r  - 
t i c a l  p o s i t i o n  of t h e  curves  is a r b i t r a r y .  That is, t h e  f a c t  t h a t  our  d a t a  a t  470 K j o i n s  smoothly 

wi th  t h e  Matland-McCoubrey d a t a  a t  473 K i s  f o r t u i t o u s .  

t h e  470°K only  because i t  w a s  a r b i t r a r i l y  d i s p l a c e d  upward one order  of magnitude t o  make t h e  d a t a  

easier t o  r e a d ,  t h e  a c t u a l  measurements l i e  between t h e  470 K and 623 K curves .  

R a N2 and R a N have been drawn i n  as dashed l i n e s  t o  a i d  i n  t h e  i n t e r p r e t a t i o n  of t h e  da t a .  

Another technique i s  t o  lower t h e  d e n s i t y  f o r  a 

This  is i l l u s t r a t e d  i n  f i g u r e  3.8 where we p l o t  t he  i n t e n s i t y  r a t i o  R v e r s u s  

I n  a d d i t i o n  t o  our  d a t a ,  w e  have a l s o  p l o t t e d  some low d e n s i t y  d a t a  of Matland and 

Since  t h e  two e l e c t r o n i c  

t h i s  may n o t  b e  a v a l i d  comparison. 

r e g i o n s .  

Furthermore, t h e  519 K curve  l ies above 

The two asymptotes 

We f i r s t  c o n s i d e r  t h e  reg ion  N > 1017 on t h e  631 K and 623 K curves .  The previous  d i s c u s s i o n  

has  shown t h a t  t h e  states r a d i a t i n g  485 and 335 are i n  thermal  equi l ibr ium f o r  t h i s  

s i t y  range ,  y e t  f i g u r e  3.8 shows t h a t  t h e  i n t e n s i t y  r a t i o  i n c r e a s e s  l i n e a r l y  w i t h  N over a t  least 

two decades i n  N. 

i n d i c a t e  t h a t  485 is r a d i a t e d  e i t h e r  by t h e  c o l l i s i o n  induced mechanism 

temperature-den- 

Assuming t h a t  t h e  335 nm r a d i a t i o n  i s  due t o  spontaneous emission,  t h i s  would 

* 
Hg2 + Hg -+ 3Hg + hV485 

* 
3: or  by s t a b l e  Hg 

10 

(3.3) 

(3.4) 



It is  impossible  t o  d i s t i n g u i s h  between t h e s e  two mechanisms wi th  our  c u r r e n t  da t a .  

17  W e  next  cons ider  t h e  d a t a  f o r  N < 10 . These d a t a  show a s t r o n g  tendency toward an N2 de- 
2 

pendence a t  t h e  lower d e n s i t i e s .  

t h e y  s e e m  t o  b e  approaching it more c l o s e l y  as N decreases .  

seems t o  occur  a t  about  10 . This  change i s  r a t h e r  d i f f i c u l t  t o  d e t e c t  i n  t h e  623 K d a t a  b u t  t h e r e  

are clear sys temat ic  d e v i a t i o n s  from l i n e a r i t y  f o r  t h e  low d e n s i t y  p o i n t s  on t h i s  C U N e .  

b e  d e s i r a b l e  t o  have more p o i n t s  a t  lower N f o r  t h i s  temperature  because t h i s  is one of t h e  c a s e s  

which is c l e a r l y  i n  thermal  equi l ibr ium when N > 10 

more a c c u r a t e l y  i ts  d e v i a t i o n  from t h e  l i n e a r  N dependence as N i s  decreased.  Unfor tuna te ly ,  t h e  

485 band becomes v e r y  weak f o r  low N and h igh  T and it was  p o s s i b l e  t o  go t o  lower N on ly  f o r  t h e  

lowest tempera tures  (such as t h e  519 K curve  f o r  example). 

very  w e l l ;  t h i s  curve  a g r e e s  q u i t e  w e l l  wi th  t h e  low p r e s s u r e  a f t e r g l o w  measurements of Matland- 

McCoubrey[121 b u t  a t  h igh  N it never q u i t e  achieves  t h e  l i n e a r  N dependence e x h i b i t e d  by t h e  high 

Although none of t h e s e  d a t a  are t r u l y  p a r a l l e l  t o  t h e  N asymptote, 

The t r a n s i t i o n  from N 2  t o  N dependence 

1 7  

It would 

17 . It would t h e r e f o r e  be  i n s t r u c t i v e  t o  measure 

The l a t t e r  o v e r l a p s  t h e  1017 reg ion  

temperature  d a t a .  

thermal  equi l ibr ium a t  t h i s  temperature .  

This  is n o t  s u r p r i s i n g  s i n c e ,  i n  view of f i g u r e  3.7 w e  would not  expect  t o  be i n  

I n  summary then ,  we  have compelling evidence t h a t  t h e  s t a t e s  r e s p o n s i b l e  f o r  t h e  485 and 335 

f l u o r e s c e n c e  band are i n  thermal  equi l ibr ium f o r  h igh  temperatures  T > 575 K and d e n s i t i e s  N > 10 

I n  t h e  h igh  temperature-densi ty  r e g i o n  where thermal  equi l ibr ium a p p l i e s ,  t h e  l i n e a r  dependence of 

R = 1(485)/1(335)  on N would seem t o  i n d i c a t e  t h a t  485 i s  emit ted by a d e n s i t y  dependent process  

such as c o l l i s i o n  induced r a d i a t i o n ,  eq. ( 3 . 3 ) ,  o r  Hgf format ion ,  eqs. (3.4) and (3.5) .  

C .  P o t e n t i a l  Curves 

17 . - - 

I n  t h i s  s e c t i o n ,  we p r e s e n t  a pre l iminary  a n a l y s i s  of t h e  e l e c t r o n i c  p o t e n t i a l  curves  involved 

i n  t h e  485 and 335 f luorescence .  

Sando and Dalgarno[15]. 

a bound e x c i t e d  e l e c t r o n i c  s ta te  "a" and a r e p u l s i v e  ground s ta te  "b" i s  

For s i m i l a r  d i s c u s s i o n s  see Hedges, e t .  a l .  [I3], Doyler14] o r  

The number of photons per  u n i t  wavelength emit ted i n  a t r a n s i t i o n  between 

(3.5) 

where (v , J )  are v i b r a t i o n  r o t a t i o n  quantum numbers f o r  a ,  (EJ') are t h e  corresponding quantum numbers 

11 



f o r  b (E is  a cont inuous nuc lear  k i n e t i c  energy quantum number), D is t h e  t r a n s i t i o n  d i p o l e  moment, 

S is t h e  Honl-London f a c t o r ,  t h e  t o t a l  number of excimers is N * ( T ) ,  t h e  excimer s ta te  popula t ion  den- 

s i t i es  are descr ibed  by a Boltzmann d i s t r i b u t i o n  wi th  a p a r t i t i o n  f u n c t i o n  Z(T), and C denotes  miscel- 

laneous u n i n t e r e s t i n g  c o n s t a n t s .  The i n t e g r a l  over  n u c l e a r  k i n e t i c  energy E removes t h e  d e l t a  func- 

t i o n  and, i n  t h e  second l i n e ,  E equals  (EavJ-hv). 

The d i p o l e  m a t r i x  element i n  eq. (3.5) can be  expressed i n  terms of v i b r a t i o n a l  wavefunct ions 

03 

(3.6) J J' 
Dav J ,be J I =l Dab (R)lav (R)lbE (RldR 

as 

where D 

can bo eva lua ted  us ing  WKB wavefunct ions[16]in which c a s e  one f i n d s  t h a t  t h e  in tegrand  i s  s h a r p l y  

peak& about  a c r i t i ca l  r a d i u s  RA a t  which t h e  r a d i a l  momenta f o r  upper and lower states are equal  

(Franck-Condon p r i n c i p l e ) :  

(R) denotes  t h e  d i p o l e  m a t r i x  element between t h e  e l e c t r o n i c  states a and b. T h i s  i n t e g r a l  
ab 

(3.7) 

o r  s i n c e ,  E = E -hv, avJ  

I n  t h e  

popula t ions  correspond t o  l a r g e  J v a l u e s ,  t h u s  t h e  A J  = +1,0  s e l e c t i o n  r u l e  impl ies  t h a t  t h e  ro- 

t a t i o n a l  e n e r g i e s  i n  eq. (3.8) e s s e n t i a l l y  c a n c e l  ou t .  That i s ,  f o r  a g iven  v i b r a t i o n a l  l e v e l  

and a s p e c i f i c  RX, a l l  r o t a t i o n a l  l e v e l s  e m i t  photons of e s s e n t i a l l y  t h e  same frequency. There is 

some r o t a t i o n a l  broadening due t o  t h e  i n e x a c t  c a n c e l l a t i o n  of t h e  r o t a t i o n a l  e n e r g i e s ,  b u t  t h i s  is 

n e g l i g i b l e  f o r  our  purposes .  S ince  t h e  in tegrand  i n  Eq. (3.6) is s h a r p l y  peaked a t  R X ,  t h e  f u n c t i o n  

Dab may b e  f a c t o r e d  o u t  as Dab(RA) and t h e  remaining Franck-Condon over lap  i n t e g r a l  eva lua ted  by t h e  

l as t  l i n e  of eq. (3.8) w e  have used t h e  f a c t  t h a t  t h e  r o t a t i o n a l  l e v e l s  wi th  l a r g e  thermal  

method of s t a t i o n a r y  phase. 

momentum) f o r  t h e  r e p u l s i v e  s ta te  b w i l l  be  small (compared w i t h  IT) a t  t h e  p o i n t  R 

then  reduces  t o  

Mies [161ai-gues t h a t  t h e  WKB phase i n t e g r a l  ( t h e  i n t e g r a l  

A '  

I f  t h e  WKB phase i n t e g r a l  i s  n o t  small YJ 

Rh. 

phase i n t e g r a l  w i l l  be  small only  i f  R 

i s  rep laced  by a s l i g h t l y  more complicated 

We must t h e r e f o r e  emphasize t h a t ,  f o r  t h e  h igh  temperatures  of i n t e r e s t  t o  u s  (T 

l ies n e a r  t h e  c l a s s i c a l  t u r n i n g  p o i n t  f o r  t h e  

a v  

A 

over t h e  r a d i a l  

Equation (3.6) 

(3.9) 

f u n c t i o n  of 

> 400 K) t h i s  

r e p u l s i v e  s ta te  

- 
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(wi th in  0 .5  &. This  w i l l  b e  a good approximation s i n c e  t h e  WKB continuum wavefunction is s h a r p l y  

peaked about  t h e  classical t u r n i n g  po in t .  I n  f a c t ,  one must b e  somewhat c a r e f u l  about  using a WKB 

wavefunction f o r  Yav(Rx) because t h e  latter d i v e r g e s  a t  t h e  t u r n i n g  p o i n t .  However, eq. (3.9) can 

a l s o  be  der ived  us ing  Airy  wavefunct ions which do n o t  diverge'"], hence one can r e a d i l y  f i n d  w e l l  

behaved wavefunct ions f o r  u s e  wi th  t h i s  express ion .  It should be  noted t h a t  eq.(3.9) is q u i t e  

s i m i l a r  t o  t h e  " r e f l e c t i o n  method"[181 i n  which t h e  r e p u l s i v e  s ta te  wavefunction i s  r e p l a c e d  by a 

d e l t a  f u n c t i o n  a t  t h e  classical  t u r n i n g  po in t .  

i f  t h e  d e r i v a t i v e  of (Va - Vb) should v a n i s h  a t  RA; i n  such a case one must u s e  t h e  f u l l  Airy 

f u n c t i o n  resu l t s [" ]  ( i . e .  wi thout  assuming t h a t  t h e  WKB phase i n t e g r a l  f o r  s ta te  b is sma l l ) .  

J 

It should a l s o  be  noted t h a t  eq.  (3.9) breaks  down 

We next  n o t e  t h a t  t h e  v i b r a t i o n a l  wavefunction Y l v  depends on J o n l y  through t h e  r a d i a l  k i n e t i c  

2 2 
energy EavJ - Va(R) - 4  J(J + 1 ) / 2 ~ R  . 
t e n t i a l  energy curve  Va(R) + a  J ( J  + 1)/2pR 

approximate t h e  r o t a t i o n a l  energy b y 4  J ( J  + 1)/2uRA. 

produced by t h e  r o t a t i o n a l  energy b u t  t h i s  should b e  n e g l i g i b l e  f o r  our  purposes[191. 

f o r e  r e p l a c e  EavJ i n  eq. (3.5) by: 

S ince  f o r  n o t  too  l a r g e  v a l u e s  of J t h e  shape of t h e  po- 

2 2 does n o t  d i f f e r  apprec iab ly  from t h a t  of Va(R), we  w i l l  

This  approximation i g n o r e s  a smal l  d i s t o r t i o n  

We may there-  

2 2 

(3.10) 

t h u s  removing a l l  J dependence from t h e  v i b r a t i o n a l  wavefunction. 

i n t o  eq. (3.5) and performing t h e  J '  sum of S 

S u b s t i t u t i n g  eqs. (3.7) and (3.10) 

(which y i e l d s  (25 + l ) ) ,  we o b t a i n :  JJ' 

(3.11) 

where Y 

derivative of (Va - Vb) w a s  rep laced  by (dv/dRA) accord ing  t o  eq. (3.8) .  

Eav - Tv(R ) + V(R ) where T(RA) is t h e  nuc lear  k i n e t i c  energy a t  t h e  p o i n t  RA and assuming t h a t  t h e  

r o t a t i o n a l  spac ing  is much smaller than kT, we  r e p l a c e  t h e  sum over  J by an i n t e g r a l  which y i e l d s  

denotes  t h e  ( r o t a t i o n l e s s )  v i b r a t i o n a l  wavefunction wi th  energy e igenvalue  Eav and t h e  
av 

Next us ing  t h e  i d e n t i t y  

x x 

(3.12) 
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We have now obtained a n  express ion  which relates Ix t o  t h e  d i p o l e  s t r e n g t h  IDab(Rx) l 2  and the  

p r o b a b i l i t y  of f i n d i n g  t h e  n u c l e i  a t  t h e  r a d i a l  s e p a r a t i o n  Rx where t h e  r a d i a t i v e  t r a n s i t i o n  t a k e s  

p lace .  

m u l t i p l i e d  by a momentum d i s t r i b u t i o n  which is i n  t h e  form of a sum over v i b r a t i o n a l  states. Assum- 

ing t h a t  t h e  v i b r a t i o n a l  spac ing  (es t imated  t o  be  t h e  order  of 150 cm-') i s  much less t h a n  kT (so t h a t  

many v i b r a t i o n a l  l e v e l s  are popula ted) ,  t h e  sum over v i b r a t i o n a l  s ta tes  is  e a s i l y  performed us ing  

e i t h e r  harmonic o s c i l l a t o r  o r  WKB e igenfunct ions  and one o b t a i n s  2pkT/4 . 
which i n c l u d e s  both  bound and f r e e  states, is dominated by t h e  continuum c o n t r i b u t i o n  hence, 

Z(T) (21~pkTfTi 2 ) 3/2v (3.13) 

2 
The p r o b a b i l i t y  is descr ibed  by a Boltzmann s p a t i a l  d i s t r i b u t i o n ,  415. exp {-Va(RX)/kT), 

2 The p a r t i t i o n  f u n c t i o n ,  

* 
where V is t h e  volume of  t h e  system. Defining t h e  d e n s i t y  of  e x c i t e d  s ta tes  by n (T) w e  f i n a l l y  

R 2 exp { - va(Rh)/kT)IDab(Rh)I 2 o b t a i n  ( c f .  eq. (8) of r e f .  (13) )  

x Ix = Cn (T) ~ 

A5(dv/dRx) 

(3.14) 

I f  t h e  temperature  i s  less than  o r  comparable t o  t h e  v i b r a t i o n a l  spacing it is b e t t e r  t o  u s e e q .  

(3.12). eq.(3.14)  should be  s u f f i c i e n t  and i t  is  t h i s  express ion  which we w i l l  

u s e  t o  ana lyze  t h e  d a t a  presented  i n  t h i s  r e p o r t .  

be  summarized by w r i t i n g  

For our  d a t a ,  

For t h e  purposes  of our  a n a l y s i s  t h i s  r e s u l t  can 

- * 
I =  f (Rx) exp { - Va(Rx)/kT} 

x5 
(3.15) 

A '  where f ( R  ) r e p r e s e n t s  t h e  e f f e c t i v e  t r a n s i t i o n  p r o b a b i l i t y  a t  t h e  p o i n t  R x 
To u s e  eq.  (3.15) e f f e c t i v e l y ,  w e  f i r s t  cons ider  t h e  ratia of i n t e n s i t i e s  a t  two d i f f e r e n t  wave- 

l e n g t h s  i n  t h e  same e l e c t r o n i c  band system. 

c a n c e l s  ou t )  

The l o g  of t h i s  r a t i o  w i l l  be  ( n o t i c e  t h a t  t h e  n*(T) 

(3.16) 

I f  we p l o t  t h i s  log  v e r s u s  l /kT,  t h e  s l o p e  of t h e  l i n e a r  p l o t  w i l l  g i v e  V (%) - Va(Rx,). By doing 

t h i s  f o r  s e v e r a l  v a l u e s  of  A ' ,  we  can p l o t  o u t  V Of course ,  we c a n ' t  

g e t  t h e  a b s o l u t e  energy wi thout  us ing  some known energy l e v e l  as a r e f e r e h c e  thus ,  f o r  t h e  p r e s e n t ,  

we w i l l  p l o t  V For convenience, we  w i l l  

choose t h e  energy l e v e l  which i s  r e s p o n s i b l e  f o r  500 nm emission s i n c e  w e  always have a s t r o n g  

s i g n a l  a t  t h i s  wavelength. F igure  (3.9) shows a semilog p l o t  of(Ix/1500)  v e r s u s  l /kT f o r  s e v e r a l  

wavelengths i n  t h e  485 band; t h e  number i n  parentheses  g i v e s  t h e  s l o p e  i n  cm . The e x c e l l e n t  

l i n e a r i t y  of t h e s e  p l o t s  shows t h a t  t h e  v i b r a t i o n a l  states are i n  thermal  equi l ibr ium as one would 

expect .  These d a t a ,  and s e v e r a l  more sets, which w e  have n o t  p l o t t e d ,  have been analyzed by a 

least squares  computer program t o  o b t a i n  t h e  s l o p e s .  

a 

as  a f u n c t i o n  of wavelength. 

r e l a t i v e  t o  some a r b i t r a r i l y  chosen r e f e r e n c e  p o i n t .  

-1 

The r e s u l t i n g  Va(RA) i s  p l o t t e d  i n  f i g u r e  (3.10) 
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t oge the r  w i th  t h e  ground state curve  obta ined  from t h e  r e l a t i o n  Vb(Rx) - Va(Rx) - hv. 

band is emi t ted  by Hgj, our  p i c t u r e  of t hese  p o t e n t i a l  curves  f i g u r e  (3 .10) ,  i s  somewhat a l t e r e d  

by t h e  f a c t  t h a t  V t hen  depends on two r a d i a l  parameters  as w e l l  as t h e  ang le s  between t h e  i n t e r -  

nuc lea r  v e c t o r s .  

I f  t h e  485 

I n  f i g u r e  (3.11) t h e  same procedure has been fol lowed f o r  t h e  335 band choosing t h e  s t a t e  which 

r a d i a t e s  a t  336 nm as our  energy o r i g i n .  I n  f i g u r e  (3.121, we have p l o t t e d  1336/Isoo so t h a t  t h e  

p o t e n t i a l  curves  f o r  t h e  335 band can be  p l o t t e d  r e l a t i v e  t o  t h e  energy of t h e  state which r a d i a t e s  

a t  500 nm. These curves  are g iven  i n  f i g u r e  (3.13). 

A t  t h i s  p o i n t ,  w e  should emphasize t h a t  t h e  p o t e n t i a l  curves  p l o t t e d  i n  f i g u r e s  (3.10) and (3.13) 

were obta ined  from t h e  s l o p e  of t h e  log  R v e r s u s  l / kT  p l o t s  i n  f i g u r e s  (3 .9) ,  (3.11) and (3.12).  These 

p o t e n t i a l s  are t h e r e f o r e  unaf fec ted  by temperature  independent q u a n t i t i e s  such a s  f -va lues ,  e t c .  

F igu res  (3.10) and (3.13) v e r i f y  t h e  bound-free n a t u r e  of t h e  485 and 335 bands. These f i g u r e s  

a l s o  appear  t o  i n d i c a t e  t h a t  t h e  r eg ion  of t h e  ground s t a t e  involved i n  t h e  485 band l ies somewhat 

h ighe r  on t h e  r e p u l s i v e  w a l l  than  t h e  reg ion  corresponding t o  t h e  335 band and t h e r e  is some ove r l ap  

(1.1) bu t  i t  does not  pr~ve t h a t  f i g u r e  

(1.1) is t h e  c o r r e c t  p i c t u r e  because we only  have V v e r s u s  A no t  V ve r sus  R and one cannot say  wi th .  

c e r t a i n t y  t h a t  t h e  ground state curves  i n  f i g u r e s  (3.10) and (3.13) a c t u a l l y  r e f e r  t o  t h e  same s t a t e  

(e.g. t h e  ground s t a t e  of Hg3 is probably similar but  no t  i d e n t i c a l  t o  t h a t  f o r  Hg3.  

a t  t h e  edges of t h e  bands. Th i s  is s o n s i s t e n t  wi th  f i g u r e  

I n  conclus ion  we must emphasize t h a t  t h e  p o t e n t i a l  curves  V v s  A ,  p resented  in t h i s  r e p o r t ,  

are pre l iminary  d a t a  and may be  somewhat i n  e r r o r ,  p a r t i c u l a r l y  around 350 nm t o  400 a where t h e  

f luo rescence  bands over lap .  

w i l l  be  computer analyzed t o  provide  g r e a t e r  accuracy.  

D. The E f f e c t i v e  T r a n s i t i o n  P r o b a b i l i t y  

We are c u r r e n t l y  t ak ing  more ex tens ive  d a t a  a t  va r ious  p re s su res  which 

It is w e l l  known t h a t  t h e  p r o b a b i l i t y  f o r  emission depends on t h e  i n t e r n u c l e a r  spea ra t ion .  

I n  eq. (3.14) t h e r e  are s e v e r a l  f a c t o r s  which determine t h i s  p r o b a b i l i t y  and, i n  eq. (3.151, we have 

d iv ided  them i n t o  two c a t e g o r i e s  according t o  t h e i r  temperature  dependence. 

V(R ) and t h e  Boltzmann f a c t o r  were d iscussed  i n  t h e  prev ious  s e c t i o n ;  i n  t h i s  s e c t i o n  w e  w i l l  b r i e f l y  

d i s c u s s  t h e  temperature  independent q u a n t i t y  f (RA) .  

The p o t e n t i a l  energy 

A 

2 
The func t ion  f(RA) is s t r o n g l y  inf luenced  by t h e  dimensional  f a c t o r  Rx which ( f o r  our case)  

S ince  f i s  i n v e r s e l y  p ropor t iona l  t o  (dv/dR) a causes  f t o  i nc rease  wi th  decreas ing  wavelength. 

(dVa/dR) - (dVb/dR), t h i s  f a c t o r  w i l l  tend t o  make f l a r g e r  i n  t h e  r eg ion  where both Va and V 

r e p u l s i v e  ( longer  wavelengths) t hus  coun te rac t ing  t h e  e f f e c t  of R t o  some ex ten t .  F i n a l l y  t h e r e  

is t h e  d i p o l e  s t r e n g t h  D 

a r e  b 
2 

(R ) where r a d i a l  dependence is unknown. ab  h 
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It is poss ib le  t o  obta in  r e l a t i v e  values of f a s  a function of wavelength by comparing t h e  

quant i ty  

1; = X-’exp { - Va(RX)/kT) (3.17) 

with the  observed in t ens i ty  Ix f o r  some f ixed  temperature. 

both bands and the  r e s u l t s  a r e  given i n  t ab le s  (3.1) and (3.2). The comparison w a s  made f o r  two 

d i f f e r e n t  temperatures i n  order t o  give an  idea  of t h e  s c a t t e r  i n  ca lcu la ted  values of f .  

s c a t t e r  seems t o  be the  order of l o%,  but  it should be poss ib le  t o  do a b i t  b e t t e r  when more accura te  

po ten t i a l s  are obtained. 

with a rapid increase i n  t h e  shor t  wavelength ( l a rge  R ) l i m i t .  x 

Such a comparison has been made f o r  

This 

The functions f(Rx) a r e  r e l a t i v e l y  constant near t he  centers  of t h e  bands 

A t  t h i s  po in t ,  no attempt has been made t o  estimate an absolute value of f(R ); t h e  present x 
analys is  i s  intended only t o  g ive  an idea  of t he  type of ga in  p r o f i l e s  t o  be expected f o r  these 

bands. 

The blue s h i f t  of t he  peaks of both bands, which w a s  observed with increasing temperature, 

( f ig s .  3.3 and 3.4) is now seen t o  r e s u l t  

(3.15). 

with decreasing wavelength. 

from a combination of f(RX) and the  f ac to r  i n  eq. 

These f a c t o r s  combine t o  make an e f f ec t ive  t r a n s i t i o n  probabi l i ty  which increases strongly 
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I V .  TIME DEPENDENCE 

Using t h e  pulsed d ischarge  continuum lamp descr ibed i n  s e c t i o n  I1 C ,  we have observed t h e  time 

evolu t ion  of t h e  335 and 485 bands throughout a dens i ty  range of 1017 t o  lo1' Hg atoms/cm3 and a tem- 

p e r a t u r e  range of 473 t o  973 K. Light  from t h e  lamp passed through t h e  tri-compartmental f i l t e r  

( see  f i g .  2.1) and t h e  r e s u l t i n g  f luorescence  w a s  observed a t  r i g h t  angles  through e i t h e r  t h e  335 o r  

485 broad band i n t e r f e r e n c e  f i l t e r s  ( f i g .  2 .6) .  

Figure (4.1) shows a t y p i c a l  time h i s t o r y  t r a c e  f o r  a d e n s i t y  of 10 l8  and a vapor temperature of 

523 K. 

scale while  p a r t  "b" shows t h e  rise of t h e  f luorescence  wi th  an expanded s c a l e  of 2 psec ld iv .  

low pressures  (3 x 10 17cm-3) t h e  r ise of t h e  335 band is t h e  order  of 30 psec and about 25% f a s t e r  

than t h a t  of t h e  485 band, whereas a t  higher  pressures  (10l8-1O 

almost simultaneously with r ise times i n  t h e  range 10 t o  1 psec. The observed r ise times decrease 

l i n e a r l y  with increas ing  dens i ty  but  show almost no temperature dependence; increas ing  only s l i g h t l y  

as the  temperature increases  from 2OO0C t o  35OoC and remaining cons tan t  a f t e r  than. 

P a r t  "a" shows t h e  o v e r a l l  r i se  and decay of t h e  485 band time with a 10  psec /d iv  time 

A t  

19 -3 
cm ), t h e  two bands rise 

It is  i n t e r e s t i n g  t o  note  t h a t  while  t h e  dura t ion  of t h e  flashlamp pulse  i s  1 psec. ,  t h e  rise 

17 
time of t h e  f luorescence  bands has been observed t o  b e  as long as 40 psec ( a t  N = 3 x 10 1. One 

p o s s i b l e  explanat ion f o r  t h i s  de lay  assumes t h a t  t h e  pos tu la ted  merging'l] of t h e  3l and 0; curves 

( see  f i g .  1.1) causes  t h e  high l y i n g  3l v i b r a t i o n a l  states (which are t h e  ones being d i r e c t l y  pumped) 

t o  d i s s o c i a t e  before  they can r a d i a t e  ( t h e  A va lue  i s  expected t o  be t h e  order  of lo6  - 10 ) o r  before  

c o l l i s i o n s  can produce v i b r a t i o n a l  re laxa t ion .  The P atomic s t a t e  would then serve as a r e s e r v o i r  

f o r  t h i s  e x c i t a t i o n  and t h e  slow rise i n  f luorescence  i n t e n s i t y  would b e  determined by t h e  r a t e  

3 a t  which P feeds  energy back t o  t h e  molecules. I n i t i a l  a t tempts  t o  tes t  t h i s  hypothesis  by 

measuring t h e  time h i s t o r y  of t h e  3P0 have been hampered by l a c k  of i n t e n s i t y .  

3 
U 

7 

3 
0 

0 

The long time decay f i t s  an  exponent ia l ,  e-t/', from 80% of t h e  maximum i n t e n s i t y  out  t o  

about 3 t i m e  cons tan ts  ( t h e  l i m i t  of our measurement). 

t h e  experiment e r r o r  of ? 1 psec a t  a l l  pressures  and temperatures f o r  which we  have made t h e  measure- 

ment. As shown i n  f i g u r e  (4.2) t h e r e  i s  a s t r i k i n g  temperature dependence; f i r s t  a sharp increase  i n  

l i f e t i m e  and then  a decrease.  The p o i n t  a t  which t h e  maximum t i m e  cons tan t  i s  observed i s  where t h e  

dominant emission changes ( s e e  f i g .  4.3) from 485 nm (low temperature) t o  335 nm ( a t  high tempera- 

t u r e s ) .  

Both bands decay simultaneously t o  w i t h i n  

For a dens i ty  of 2 x 10 18cm-3, t h i s  po in t  i s  a t  T = 730 K. 

The complex behavior of both rise and decay processes  i n d i c a t e s  t h e  presence of s e v e r a l  

competing processes .  

needed before  any meaningful a n a l y s i s  is poss ib le .  

We made s e v e r a l  a t tempts  t o  model t h e  d a t a  but  more ex tens ive  d a t a  w i l l  b e  
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V. SUMMARY 

This  r e p o r t  p r e s e n t s  new measurement techniques which have been developed t o  provide  d a t a  such 

as p o t e n t i a l  curves  and f-values  f o r  metal molecules which are of i n t e r e s t  as d i s s o c i a t i o n  laser 

candida tes .  Pre l iminary  d a t a  and a n a l y s i s  were presented  i n  order  t o  i l l u s t r a t e  t h e  measurement 

techniques  i n  g e n e r a l  and t o  shed some l i g h t  on the  mercury molecule  i n  p a r t i c u l a r .  

r e s u l t s  may b e  b r i e f l y  summarized as fo l lows:  

P u r i t y  is extremely important .  

pure  enough and i t  w a s  necessary  t o  d i s t i l l  t h e  mercury i n t o  s p e c i a l l y  

prepared sample c e l l s .  

The two e l e c t r o n i c  states r e s p o n s i b l e  f o r  t h e  485 and 335 bands have been 

shown t o  be  v i b r a t i o n a l l y  e q u i l i b r a t e d  a t  t h e  p r e s s u r e s  of i n t e r e s t  i n  laser 

a p p l i c a t i o n s .  

Assuming t h a t  t h e s e  f l u o r e s c e n c e  bands are emi t ted  by d ia tomic  mercury, t he  

p o t e n t i a l  curves  f o r  t h e s e  s ta tes  have been measured over t h e  r e g i o n s  which 

g i v e  rise t o  t h e  f l u o r e s c e n c e  and are found t o  be  i n  q u a l i t a t i v e  agreement 

wi th  curves  proposed by Mrozowski. Our r e s u l t s  do n o t  extend t o  l a r g e  i n t e r -  

n u c l e a r  d i s t a n c e s  so it is  n o t  p o s s i b l e  t o  say  i f  they  w i l l  a g r e e  wi th  Mrozowski 

i n  t h e  d i s s o c i a t i o n  l i m i t .  However, on t h e  b a s i s  of t h e  p r e s e n t  d a t a ,  one cannot 

exclude t h e  p o s s i b i l i t y  t h a t  t h e  485 band i s  r a d i a t e d  by Hg3. 

The two e l e c t r o n i c  states r a d i a t i n g  485 and 335 appear  t o  b e  i n  thermal  e q u i l i b -  

rium w i t h  one a n o t h e r ,  perhaps i n d i c a t i n g  a curve  c r o s s i n g  as proposed by 

Mrozowski. 

R e i a t i v e  t r a n s i t i o n  p r o b a b i l i t i e s  were found t o  b e  s lowly vary ing  a c r o s s  both 

bands w i t h  some i n c r e a s e  a t  l a r g e r  R o r  smaller wavelengths. 

The p r e s s u r e  and temperature  dependence of bo th  decay and r i se  times have 

been measured, b u t  no q u a n t i t a t i v e  conclus ions  have been drawn from t h e s e  d a t a  

as ye t .  

Normal l a b o r a t o r y  grade  mercury w a s  n o t  
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Table 3.1 f ,  n 

x 

300 

3 10 

320 

330 

336 

340 

350 

360 

300 

310 

320 

330 

336 

340 

350 

360 

for 335 nm band, T = 873K, kT = 605 -1 cm 

-(VA-VSs6) /kT 
e 

0.034 

.173 

.45 

.78 

1.0 

1.02 

.88 

.396 

T = 673 K, 

.013 

.10 

.36 

.726 

1.0 

1.03 

.85 

.30 

-5 -(vx - V336)/kT 
(x/336) e 

.059 

.259 

.574 

.85 

1.0 

.96 

.72 

.28 

KT = 467 cm-l 

.022 

.15 

.46 

.79 

1.0 

.97 

.69 

.21 

'obs f 

~~ 

.145 

.353 

.68 

.96 

1.0 

.93 

.545 

.17 

.066 

.21 

.53 

.91 

1.0 

.97 

.55 

.26 5 0.1 

2.46 

1.36 

1.18 

1.12 

1.0 

.97 

.76 

.61 

3.0 

1.4 

1.15 

1.15 

1.0 

1.0 

.8 

1.24 
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Table  3.2 f x  for 500 run band, T = 573 K, kT = 398 cm" 

x 

400 

420 

440 

460 

480 

500 

520 

540 

560 

580 

400 

420 

440 

460 

480 

500 

520 

540 

560 

580 

0.00164 

.013 

.095 

.266 

.534 

1.0 

1.386 

1.05 

.78 

.405 

0.0086 

.041 

.174 

.374 

.627 

1.0 

1.27 

1.03 

.83 

.51 

.005 

.031 

.18 

.404 

.655 

1.0 

1.14 

.715 

.44 

.193 

.026 

.098 

.33 

.57 

.77 

1.0 

1.04 

.70 

.47 

.243 

I o b s  

.075 

.129 

.29 

.56 

.85 

1.0 

.96 

.765 

.52 

.32 

.289 

.388 

.562 

.796 

.95 

1.0 

.90 

.69 

.51 

.33 

f 

11.4 

4.16 

1.6 

1.39 

1.3 

1.0 

.84 

1.07 

1.18 

1.64 

,1 

4.0 

.17 

1.4 

1.23 

1.0 

.87 

.99 

1.08 

1.4 

1 
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Figure 2 . 2  Mercury ampule preparation system. 
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Figure 2.3 Mercury cell distillation system. 
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Figure 2 .6  Transmission curve of 335 bandpass f i l t er .  

29 



60 

50 

40 

OkT 

30 

20 

IO 

1 I 
4 80 500 520 

(nm) 
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Figure 3 . 4  Spectral distribution of 335 band at different temperatures. 
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Figure 4.1 Time history of the 485 fluorescence band. (a) lOUsec/division 
and (b) 2 vsec/division. 
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Figure 4.2 Long time decay constant versus temperature and density. 
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